A survey of 100 swimming pools has been conducted to assess the effectiveness of disinfection practices against various microorganisms and to check compliance with recommended chlorine levels and pH. Microbiological quality was assessed from densities of total coliforms, Escherichia coli, and Pseudomonas aeruginosa, total colony counts, and the presence or absence of amoebae, including the pathogen Naegleria fowleri. Although a free chlorine residual of 1.0 mg/liter and a pH range of 7.0 to 7.6 are recommended by local health authorities, 41 pools had a lower free chlorine residual and 37 had a pH outside this range. Multiple logistic regression analysis was used to test the association of field measurements with the microbiological data. The analysis demonstrated a strong positive association of free chlorine with bacteriological quality and the absence of Naegleria spp. No other field measurement was predictive in this regard, although the absence of all amoebae was associated with a relatively low water temperature and pH. Using a mathematical model derived from this analysis, it was estimated that 99% of pools would have acceptable bacteriological quality and 94% would be free of Naegleria spp. at a free chlorine residual of 1.0 mg/liter. However, at the mean water temperature (23°C) and pH (7.5) seen in this study, other amoebae would still be detectable in 500-ml samples taken from 40% of pools at this chlorine level.
Infectious diseases which can be transmitted by recreational water include skin, wound, and ear infections by Pseudomonas spp., enteric diseases, and primary amoebic meningoencephalitis. Disinfection of swimming pools should control the organisms responsible for all of these infections.
In South Australia, primary amoebic meningoencephalitis is the disease of greatest concern in swimming pool hygiene, because of its high mortality rate and because more than 10% of recorded cases worldwide have occurred in this State (7a) . Recommendations on disinfection are based on the assumption that measures necessary to control the cysts of Naegleria fowleri, the causative organism of primary amoebic meningoencephalitis, would also be adequate to ensure acceptable bacteriological quality. Under laboratory conditions, both N. fowleri trophozoites and cysts are destroyed by chlorine (2, 3, 6) . It has been found under laboratory circumstances that a 99% mortality of cysts, the more resistant stage, is achieved at a water temperature of 30°C and pH 7.0 by a chlorine dose which provides a free chlorine residual of 0.5 mg/liter after 30 min (16) . In a swimming pool system, some microorganisms may be relatively protected from disinfection by the filter material or structural features of the pool. In particular, free-living pathogens, such as N. fowleri and Pseudomonas aeruginosa, may multiply in areas which are relatively less accessible to the disinfectant. Therefore, the chlorine level recommended for pools in South Australia, 1 examine the association of microbiological characteristics of pool water with free chlorine residual, water temperature, and other non-microbiological features of the pools. It was considered that this study would indicate whether the free chlorine residual of 1.0 mg/liter, which is required by law in public pools, is appropriate to recommend for all pools.
MATERIALS AND METHODS
Sample. The 100 swimming pools were selected from a prior census of South Australian pools to give a broad geographic coverage and representation by pool size and type. Because resources were limited, it was necessary to choose pools that were accessible to the survey team. It is suspected that these pools would generally have been better maintained than those in the less accessible locations and would therefore have tended to yield more favorable survey findings. The sample included 30 public pools and 70 private ones that were restricted to either private households or defined subpopulations, such as guests of motels, residents of apartment complexes, or school groups.
Measurements of water quality. The Lovibond 2000 Comparator (AF 116) was used to determine free and total chlorine residuals and the pH for a water sample collected 150 mm below the pool surface at the outlet point. The limit of sensitivity of the tests for chlorine residuals was 0.1 mg/liter. Eight health surveyors collected the samples and measured water temperatures, mostly between 10:00 a.m. and 2:00 p.m.
In addition, two 500-ml samples were collected 150 mm below the surface at the outlet point. One was transported in ice to the laboratory for bacteriological testing and the other at ambient temperature to be examined for amoebae.
Bacteriological samples were analyzed within 6 h of collection, using standard methods (1, 4, 18) Amoebae were concentrated by membrane filtration and cultivated with E. coli on nonnutrient agar (15) . Identification was by the generic criteria of Page (14) . Naegleria spp. were distinguished by temperature limits for growth and peptidase zymograms (12) .
Microbiological standards. The bacteriological quality was considered unacceptable if any of the following applied: (i) a coliform density > four per 100 ml; (ii) an E. coli count , one per 100 ml; (iii) a plate count at 20 or 35C > 100/ml; or (iv) P. aeruginosa present in 100 ml. These criteria are similar to those used in New South Wales (13) , the United Kingdom (5), the United States (19) , and France (11) .
Because there are no established criteria for amoebae in swimming pool water, two alternative criteria were used to denote unacceptable quality, namely (i) the presence of Naegleria spp. in 500 ml and (ii) the presence of any amoebae in 500 ml. These criteria were selected because it was suspected that the presence of amoebae, and specifically Naegleria spp., might be indicative of conditions favoring the pathogen N. fowleri.
Statistical analysis. The non-microbiological features of pools which best predicted acceptable microbiological quality (variously defined) were investigated by using multiple logistic regression (7) . The variables entered into the model were as follows: whether the pool was public or private, indoors or outdoors, and heated or unheated; whether the pool was tested daily for chlorine level and pH during the swimming season; the mean number of individuals using the pool daily in the week before the survey; and the water temperature, pH, and free chlorine residual. In each analysis, the presence or absence of acceptable microbiological quality, however defined, was treated as the dependent variable.
The statistical analysis was repeated for P. aeruginosa specifically. There was a particular interest in this organism because it is frequently detected in South Australian pools. Also, it has recently been shown to cause "swimming pool rash" (8, 9) and is being used increasingly as a criterion of bathing water quality (13) .
RESULTS
Chlorine level and pH. In 41 pools, the free chlorine residual was below the recommended level of 1.0 mg/liter. Further, 37 pools had a pH reading outside the recommended range of 7.0 to 7.6. All 30 public pools were reported by pool operators to be tested daily for chlorine level and pH, in contrast to only 64% of the 70 private pools, a statistically significant difference (X2(l) = 12.44; P < 0.001). The proportion of public pools with recommended chlorine and pH levels was higher than for private pools, but not significantly so.
Microbiological features. The coliform density exceeded four per 100 ml in only three pools, and E. coli did not reach one per 100 ml in any pool. In 13 pools, the plate count exceeded the limit of 100/ml at 20°C, whereas 11 pools exceeded the limit at 35°C. Notably, P. aeruginosa was detected in 12 pools. The Predictors of the absence of P. aeruginosa. There was a strong negative association between the numbers of P. aeruginosa and free chlorine residual (Table 1) , but no clear association with pH ( Table 2 ). The multiple logistic regression model selected free chlorine residual as the only significant predictor (Table 3) . Using the mathematical approach already described, it is estimated from this model that the probability of a P. aeruginosa density of less than one per 100 ml would be 48% at a free chlorine residual of 0 mg/liter and 99% at 1.0 mg/liter.
Predictors of the absence of Naegleria spp. A negative association of Naegleria spp. with free chlorine residual is evident from chlorine level ¢1.0 mg/liter in one pool only. There was no significant relation with pH ( Table 2 ). In the logistic regression model, only free chlorine was predictive of the presence or absence of Naegleria spp. The model indicates that the probability of Naegleria spp. being absent from 500 ml would be 52% at a free chlorine residual of 0 mg/liter and 94% at 1.0 mg/liter. Predictors of the absence of all amoebae. Although the frequency of all amoebae tended to decrease with an increasing free chlorine residual, amoebae were still present in 10 pools (16.9%) with chlorine levels :1.0 mg/liter (Table 1) . Table 2 shows no clear association with pH. However, when all non-microbiological features were entered into a logistic model, pH was selected among the significant predictors, as were free chlorine residual and water temperature (Table 3) . Generally, amoebae were less likely to be present at a low pH and low water temperature. At the mean water temperature (23°C) and pH (7.5) seen in this study, the model suggests that the probability of amoebae being absent from 500 ml would increase from 32% at a free chlorine residual of 0 mg/liter to 60% at 1.0 mg/liter, 84% at 2.0 mg/liter, and 94% at 3.0 mg/liter.
Predictors of a jointly acceptable bacteriological and amoebic quality. When the absence of Naegleria spp. was the sole criterion for an acceptable amoebic quality, only free chlorine residual was selected by the logistic model as a significant predictor of an acceptable amoebic and bacteriological quality (Table 3) . It is estimated from the model that the probability of an acceptable quality would be 29% at 0 mg/liter of free residual chlorine and 92% at 1.0 mg/liter.
However, if an acceptable amoebic quality is defined as the absence of all amoebae, then the significant predictors would include pH and water temperature, as well as free chlorine residual (Table 3) . At the mean water temperature of 23°C and pH of 7.5 seen here, the percentage of jointly acceptable qualities is estimated from the model to be 24% at a free chlorine residual of 0 mg/liter, 55% at 1.0 mg/liter, 82% at 2.0 mg/liter, and 95% at 3.0 mg/liter. Clearly, a free chlorine residual of 1.0 mg/liter would be insufficient to ensure control of all these organisms.
DISCUSSION
The need for increased surveillance of the quality of swimming pool water in Australia is emphasized by the present findings and other survey evidence (10) 
